This paper introduces how geographically distributed virtual prototyping, a new Internet technology, can be designed to facilitate designer-customer communication in product development of small electronic devices, such as mobile telephones. The research approach to understand how cooperative work happens in conceptual design is discussed with an example of requirements focusing on communication between customer and designer. Accordingly, we present the main ideas, architecture and selected software techniques of WebShaman 1 which is an application built to demonstrate how distributed and synchronous virtual prototyping system could support geographically distant designer-customer communication. Furthermore, we present 'smart virtual prototyping' to elaborate the virtual prototyping techniques to be used over the World Wide Web and discuss the possible impact of virtual prototyping approach to WWW community.
INTRODUCTION
The rise of Internet has given small and medium sized design offices a chance to a new kind of information exchange with their distant customers. Nowadays it is usual to send e-mails, documents or even possible to use Internet telephone or video for cooperation. An issue not considered in computer aided design (CAD) systems or in Internet community, is how to facilitate small and medium sized design companies with tools to exchange and present conceptual models to their customers. With conceptual models we mean here 3 dimensional representations of a possible future electronics product such as a mobile telephone or a heart beat rate monitor. An example of a conceptual model, a pen shaped wireless user interface to a mobile telephone, and its six different variations is presented in Figure 1 . Cooperation between design meeting participants of different backgrounds is a necessity in modern product development process. Especially, the development of hand held electronic devices requires besides individual design efforts also communication and coordination between different design disciplines. Many times these design partners are in a designer -customer relationship, where subcontractors (designers) are in partial responsibility of the product. Consequently, in this relationship customers do the important decisions on the product whereas the designers introduce the design choices to them. Today, it is also very common that these networks of expert knowledge are geographically distributed, which either requires people to travel, or communicate otherwise their ideas. Especially, communicating on design choices or decisions of a three dimensional product over telephone or even video is difficult and many misunderstandings may happen. In this paper virtual prototyping in collaborative use of designers is suggested as a potential technique to facilitate design and alleviating the problems rising from geographical distance and complexities in work between different parties. A virtual prototype is a computer based simulation of a prototype or a subsystem with a degree of functional realism that is comparable to that of a physical prototype. Consequently, virtual prototyping is the process of using virtual prototypes instead of, or in combination with, physical prototypes, for innovation, testing and evaluation of specific characteristics of a candidate design. Virtual prototyping is a technique which has been suggested for use, e.g., in telecommunication product development, however, as a high end technology to achieve a quick digital model that could be used in the same vein as a real prototype (Pulli et al., 1996 , VRP, 1998 , Salmela and Anttila, 1997 . This technique can be used for example to study how usable the concept is, applying 3D visual feedback, haptic interface and simulation of functionality. A computer system implementing these high end aspects of virtual prototyping has been developed at VTT Electronics in Oulu in VRP-Project (VRP, 1998) Our recent work aims at transferring virtual prototyping technology to the Finnish electronics industry. Starting from late 1996 this work has been conducted under VIRPI-project (Virtual Prototyping Services for Electronics and Telecommunications Industry) (VIRPI, 1998), a part of RAPID programme, a larger framework by Technological Development Acengy of Finland (TEKES) to facilitate the improvement of product design within Finnish industry. The 2,5 year VIRPI project consists of three parts. There are two actual software product design tracks, which are confidential and one which is a research oriented and public track.The virtual prototyping research coalition consists of VTT Electronics, the HCI and Group Technology Laboratory at the University of Oulu, the usability group at the University of Industrial Arts and Design in Helsinki, and University of Lapland in Rovaniemi. Besides the research groups, half a dozen companies are involved in different roles. The approach we have taken at University of Oulu is three-folded including field studies, systems design and constructive work. We started VIRPI project with a basic research approach to study how cooperative concept design is conducted. This work includes field research, studying and analyzing design sessions, and interviewing product designers in four different companies. Next, we started to design and build a distributed virtual prototyping system, WebShaman, to study the feasibility of such system. Therefore, we selected a use case to concretize the requirements. This designer-customer use case is derived from an interview we conducted at one of our industrial partners. Accordingly, we have considered following issues when designing the WebShaman system: communication over the concept model between industrial designer and a customer, what features should be included to the system in order to arrange fluent cooperative sessions over distance and the Internet and World Wide Web architectures, i.e., how to implement synchronous collaboration over Internet. The theoretical and methodological approach of our work is summarized in the methodology chapter. In this paper we will focus more on the constructive work we have done, since we want to emphasize the novelty of the design idea and the combination of technology we have selected.
WebShaman is a result of such constructive work. It is a software prototype which has been built during VIRPI project at University of Oulu and it is aimed to show the feasibility of distributed virtual prototyping in the framework set by the designer-customer communication requirements. Therefore, WebShaman shows how a synchronous collaborative design work session can be supported with 'low level' Internet technology (Parisi, 1998) . To implement this we have used the Virtual Reality Modelling Language, VRML 2.0, and Java (version 1.1) language. To further facilitate the communication over a virtual prototype we have introduced smart virtual prototyping techniques which has been implemented concurrently in VRP project. It allows, e.g., a component level manipulation of a virtual prototype in WWW browser. Finally, we discuss the impact these two approaches could have in the Internet and WWW community.
METHODOLOGY
The research question we have been studying at University of Oulu is how to apply virtual prototyping techniques in distributed product development. This question implicitly holds three questions: what is distributed product development, how to design systems supporting distributed product development, both in user interface level and in software architectural level and finally what are the software techniques that should be used in such a work. Therefore, we have participated and observed four successive concept design workshops and video/audiotaped two of them. The concept with its variations designed in these workshops is shown in Figure 1 . Together these workshops lasted 12 hours. The aim of our study was to find out how a multidisciplinary group works out a concept, and what kind of situational resources designers use in order to combine their differing perspectives. The analysis of the material gathered has been influenced by the activity theory (Kuutti, 1991 , Kuutti, 1996 and interaction analysis method (Jordan and Henderson, 1994) . This work has been reported elsewhere (Tuikka, 1997, Tuikka and Kuutti, 1998) and is not focused in this paper. However, the theoretical approach suggested by activity theory applied to how designers perceive their work and mediate their understanding of the product concept, an object of work, is one of the basic tenets behind WebShaman. Furthermore, to check our findings and to get a broader and firmer background we have additionally interviewed seven relevant stakeholders of product development process in four companies participating the VIRPI project. The interviews were semistructured ranging from 1 to 8 hours. The interviewees represented following engineering perspectives: industrial design, computer engineering, and mechanical engineering. Since we wanted to inform the design and construction of a distributed virtual prototyping system right in the beginning of our project, we selected one of the interviewed companies as a source for ideas to be implemented. Consequently, this affected to our selection of the software techniques and the process of iterative design and construction. The requirements have been adjusted along a use case scenario for which WebShaman system has been introduced. Next we will delineate the basic requirements that we have identified for a distributed virtual prototyping system to support designer -customer communication.
Basic Requirements for a Designer -Customer Support System
In the use case scenario the designer shows concept prototypes and communicates with a geographically distant customer on the design chosen. Two personal computers can be used in each end connected through Internet, possibly using WWW techniques. For example, an industrial designer could be located in Oulu, Finland, and communicate with a customer who is in Oslo, Norway. As a first example we considered a simple lamp, but a model of a mobile telephone can be used as well. The following requirements express what the designer and the customer must be able to do.
The system should work with various kinds of equipment. The system should work in (almost) any kind of environment since very different equipment are used by the customers. This problem is relevant in the work of any professionally networked and subcontracting company. The system should be easy to use. Ease of use is a general requirement for the success of WebShaman and its successors. In the design of a future WWW system we have in mind, it is necessary to consider why and how a WWW system would be easy to use. One should consider at least how the system can be integrated to the design work, how we can avoid disturbing the communication process of the designer and customer, and how to support what they are communicating on. Next we will elaborate what integration of the system to the work could mean, the requirement of easy transfer which addresses the problem of disturbed communication process and supporting the communication with synchronization and awareness. Smooth integration of the system to the work. Designers work is very complex and requires many skills from understanding the characteristics of materials, such as plastic or steel, to usage of computers. Nowadays CAD systems are broadly used as an aid for industrial, mechanical and electronics design for specification and development of a product. Thus, from this point of view our system should be smoothly integrated to the other systems in the use of designers. On user interface level an excellent visualization is necessary not only for communication purposes but also to sell the idea of the product. Thus, it is necessary to have photographic quality when rendering the model. As a trade-off, top quality demands will require changes to the virtual prototype, since a high quality model is disk and memory intensive. It is also realistic to expect that the customers do not always have the best hardware to render 3D models. Thus, changes are necessary to downsize some of the model information. In this paper the optimization of the model is out of scope and we do not consider whether it will be heuristic or automatic. (Bentley et al., 1996 , Bentley et al., 1997 can be very useful in supporting exchange of documents and asynchronous awareness of people working together. A trade-off with WWW is the problem with security. Synchronization of 3D models. The relationship between an industrial designer and a customer requires synchronization of the 3D models forming a basis for common discussions. This synchronization should be applied at least to the object of design, i.e., the virtual prototype. The synchronization allows viewing the virtual prototype from different viewpoints. There should also be means for pointing, i.e., a common and synchronized cursor for different virtual prototype screens. Since we deal with a 3D world the cursor should also be able to point in 3D. In addition to ("what you see is what I see") WYSIWIS (Stefik et al., 1987) principle, a cursor which can change from the state of being common to private cursor would be useful. Support of awareness. The WebShaman system should support awareness of other users of a model and models in use. Basically, the users want to know who is using and looking at a certain 3D model. This means that the system must dynamically keep track of sessions, 3D models in a session, and users.
Original models should not be changed. In a design session the designer usually wants to show to the customer what a certain change of properties would mean. The communication capabilities of the system should be built so that the original models brought to the system are not changed or anything is added to them. This is a precaution to keep the optimated 3D model for later use as a starting point. As a trade-off, if changes are required then unnecessary copies will reserve diskspace. This will cause clutter on the disk and it would be inconvenient to arrange many disk intensive 3D models.
COLLABORATIVE VIRTUAL PROTOTYPING
The benefit of Internet technology and World Wide Web (Berners-Lee et al., 1994) (WWW) is that it has connected a large and growing number of users with a common architecture bringing forward new possibilities to facilitate product design and development. WWW is used for instance for manufacturing services (Hardwick et al., 1996) . From product design point of view the customer is easily within reach and all the crucial information to inform concept design from the customer is promptly reachable. Another thread we have seen leading the way towards virtual prototyping is the research on Virtual Reality (VR) which has, however, been mainly focusing on virtual spaces Fahlén, 1993, Greenhalgh, 1997) . Recently, VR has been of more and more interest in the WWW community due to the development of VRML. For some reason, however, these fields have not addressed the services suitable for distributed cooperative design of products. Therefore, we suggest collaborative and distributed virtual prototyping techniques as an aid in mediating the product information between a designer and a customer in a synchronous collaborative and distributed situation. Figure 2 presents a classification by (Ellis et al., 1991) , where a division has been made using geography and temporal dimensions. Synchronous collaboration means that the users of the system basically are at different places and at the same time.
Same place Different place
Same time Different time face-to-face interaction asynchronous interaction synchronous distributed interaction asynchronous distributed interaction Figure 2 : Taxonomy suggested by (Ellis et al., 1991) . We address here the same time and different place dimension in collaborative design. , 1997) . There are needs for synchronous cooperation through Internet and systems such as TeamRooms (Roseman and Greenberg, 1996) and architectures or services such as Corona (Hall et al., 1996) , MetaWeb (Trevor and Koch, 1997) , NSTP, Notification Service Transfer Protocol (Patterson et al., 1996) do address this problem. Our work differs and adds to these approaches by introducing synchronous collaboration for virtual prototyping and tools to support this design work. The difference with a virtual prototype is that we actually have a concept product, its features and functionalities which a designer must communicate to the customer. Therefore, techniques called smart virtual prototypes is introduced. It will address the problem of how the components of a model can be traced and made collaborative. Integrated with WebShaman this techniques is at first place aimed to support distributed simulation. From our point of view there are also other ways to support cooperation in a design situation but they are here not in the focus. Naturally, later when evaluating the support we must address also video on Internet, Internet phones and talk, user interface facilities such as datagloves for suitable user interface design etc. For the moment being they are referred to being a part in a virtual design space (Kuutti et al., 1997) .
This has not been a mainstream issue in the World Wide Web or Internet usage (Trevor and Koch

WebShaman -Synchronous Collaboration for Concept Design
We can present the WebShaman system from the use perspective, its architecture, and how it technically came into its recent existence. WebShaman services. First of all, the designer should be able to save 3D models in VRML 2.0 format with a CAD system. From that on the model can be processed with tools which use VRML 2.0 format. Figure 3 shows a screen from a use situation of WebShaman. The largest window on the right is the VRML browser screen which in this case is the Sony Community Place browser. Inside that window is a VRML model of a pen shaped wireless user interface to a mobile telephone. The VRML browser can be used for object manipulation, such as rotating or moving. Above the model you can see a cone, which is a 3 dimensional telepointer. A 3D telepointer offers interesting research possibilities to be studied when doing 3D pointing. For example, attaching the telepointer object to a proper pointing device such as dataglove. On the left of the VRML browser screen is an application window (Figure 3 ). It includes facilities to connect and disconnect to our specific server (WebDrum) in the Internet, opening a local model on the VRML browser, sending a position of the prototype to others working in the same session, synchronizing the cursor with other models in the session, hyperlink, and exit application. The small window below shows the status of connection. When the users of the system start client software they automatically are logged on into the server. Software clients attach automatically to a session which delivers selected model information between software clients of users in the same session. An example use case is that the user changes viewpoint to the prototype, the change is delivered to other workstations connected to the session. Thus the participants viewpoints can be synchronized. The synchronization of the model viewpoint can be also continuous if required. The WebShaman version shown in the figure 3 was implemented in autumn 1997. Now, we have also added a small VRML editor, a possibility to change properties of a prototype distantly, made the server active and added an dynamic user list window. Thus, satisfying most of the requirements of designer-customer use case we had, the file formats and programming languages are 'web standards', synchronous communication, awareness, changes are not made to original models, easy transfer of files will be solved with WWW techniques. Further development depends on other use cases we have in this same application domain. WebShaman architecture. On architectural level we started with the synchronization problem. We used client/server (Figure 4 ) model to solve how communication between workstations would happen. Synchronization of the system means that there is a synchronous virtual prototype in a session and synchronous 3D telepointer, distributedly in many workstations. We chose to support multiple workstations since the step from two workstations to many was quite easy. Basically, this means that in synchronous sessions the viewpoints of one user are dispatched to the other participants in a design session. The movements of the 3D telepointer are dispatched to other participants similarly. The 3D telepointer is not a part of the 3D model but is attached dynamically to the VRML browser when the model is loaded. Thus, it is an additional object in a model and the original model can be left intact. The client applications have identical design and implementation. Interoperability will be a design issue later when we need to know more about the structure of the 3D model. The server is not very different from other servers constructed to support synchronous collaboration. It supports the abstractions of sessions, which happen around a 3D model, and users, who attend the sessions and use the collaborative virtual prototyping facilities of the system. In addition to server functionality the only functionalities we have included in the first version, which is also available from our web page, are viewpoint change and telepointer tracking in 3D space. It is not difficult to add other features to the design and next versions of WebShaman will support more of the collaboration and virtual prototyping functionality as discussed in this paper. Software technical considerations. In this demonstration we have exploited VRML 2.0 with Sony's Community Place Browser (Lea et al., 1997) , Java (versions 1.0.2 and later 1.1) as an Internet application. The selection of techniques makes WebShaman available in all platforms where this kind of software is available. Basically, VRML is a format which has been developed for constructing virtual worlds in Internet (Parisi, 1998) . We chose it because it has also been developed to be used as a spatial presentation format in WWW browsers and there are already several companies offering VRML browser plug-ins. Timing of this software demonstration is worth noticing, since the VRML or Java technologies are not yet ready to be used together in full scale. This demonstration has been released in December 1997 and it is fairly simple. A simple demonstration supports only scenarios since the VRML browsers have caused unexpected problems during the work. The VRML browsers we have used still are (May 98) beta versions and Java techniques develops all the time. It has been a positive, one might even say a surprise, to see that the Java based server actually can run on any machine. For instance, we have been using it in Unix, Windows NT and 95 and in MacOS. The use of client application, however, depends on how the VRML browsers are available, and how well they implement VRML 2.0.
Smart Virtual Prototypes
One of the next steps in the future development of the WebShaman is its integration with the technology called smart virtual prototypes developed in the VRP project at VTT Electronics. Smart virtual prototypes provide realistic VRML-based visual and auditory rendering of the target product features, and accurate simulation of the product's user interface and functions. This technology provides a platform for developing a diverse set of model-centric prototyping applications, such as geographically distributed usability testing of the simulated user interface. A smart virtual prototype is divided into a client and a server part as depicted in the Figure 5 . The client part consists of a VRML 2.0 model and a virtual prototype activator. The former is constructed from predefined VRML prototype nodes (PROTO nodes), and it is used as a rendering and interaction model for the user. The latter is actually a Java applet that communicates with the VRML model through the External Application Interface (EAI). The activator is connected through TCP/IP communication to the VRP Simulation Engine that resides in the WebDrum Server. The simulation engine runs a logical simulation model for the simulated product functions. The simulation model is an objectoriented model that consists of virtual product component objects that simulate their real-world counterparts, such as software components or hardware components embedded in the product. Virtual components are implemented as Java classes. The virtual prototype activator provides also a set of VRML prototype node specific methods, for instance, for manipulating the material and transform nodes in the VRML model. More complicated editing methods and tools, such as product assembly animators, can be implemented using these basic methods. Specific methods are used also for accurate simulation of LCD displays of target products. Naturally, when we are dealing with a prototyping process, the effort to produce the initial virtual prototype should be as low as possible and the cycle to produce the subsequent versions should be as fast as possible. The process for creating smart virtual prototypes is described in Figure 6 . The VRML 2.0 model that defines the geometry of the product and that is generated by a 3D CAD tool, is used as a starting point by reconstructing it by using PROTO nodes. The result is the rendering model of the virtual prototype. The virtual prototype activator is constructed semi-automatically from predefined components during the reconstruction process. The logical simulation model of the virtual prototype is created using the modelling tools of the VRP simulation engine. The resulting simulation model is connected to the virtual prototype activator using the virtual prototype interface model, which is automatically generated during the reconstruction process. Figure 6 . The process of creating smart virtual prototypes.
WebDrum Server
DISCUSSION
The idea of virtual prototyping in the World Wide Web can be far-reaching. In modern networked product development designers and their customers distantly discuss the product, exchange information and communicate over future products. We think that the product development, especially that of small hand-held electronic devices, has not been addressed properly with computer support in geographically distributed situation. Therefore, we suggest virtual prototyping to facilitate the product designers with tools that address their communication with customers. Our approach is to provide synchronous collaboration tools with smart virtual prototypes where simulation of the product is possible. There is still a lot to do in the area of product development. In figure 4 some of the vision is outlined. The system could be adjusted to support product data management, which would mean that we should take into account, e.g., STEP standard, or think about CORBA compliance. Distributed product management, however, would support many other areas in a networked company, marketing, sales, production etc. There are implications of development to this direction with databases behind networked front-ends, a virtual prototype could be a front-end to various kind of product information. As mentioned, this approach differs very much from the recent trend on Virtual Reality on Internet and World Wide Web. Virtual Reality (VR) has come a common topic in research conferences and magazines. Most of this and earlier work in Virtual Reality has been concerning virtual spaces where representations of people are shown as avatars. Systems such as DIVE (Carlsson and Hagsand, 1993) , and MASSIVE (Greenhalgh and Benford, 1995) are examples of this kind of approach. Emerging technologies, such as VRML, in combination with Java allow construction of this kind of worlds in ordinary PC equipment. Some companies have already addressed this issue and it is one theme in the work of VRML Consortium. In the future a virtual prototype we are suggesting in this paper could be a part of this kind of virtual world. One could do things with objects inside the world, objects which resemble the real world objects. Or, one could be linked from the virtual world to the real world. The possibilities are at least interesting.
